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Summary

Single-shell tank Waste Management Area U (WMA U) is in the 200 West Area on the Hanford Site.

The area includes the U tank farm that contains 16 underground, single-shell tanks and their ancillary

equipment and waste systems. WMA U is regulated under the Resource Conservation and Recovery Act

of 1976 (RCRA) as codified in 40 CFR Part 265, Subpart F and Washington's Hazardous Waste Manage-

ment Act (HWMA, RCW 70.105) and its implementing requirements in the Washington State dangerous

waste regulations (WAC 173-303-400).

Releases of hazardous wastes from WMA U have contaminated groundwater beneath the area.

Therefore, WMA U is being assessed to determine the rate of movement and extent of the contamination

released and to determine the concentrations in groundwater. The original finding of groundwater impact

was determined from elevated specific conductance in downgradient well 299-W19-41. The elevated

specific conductance was attributed to the nonhazardous constituents calcium, magnesium, sulfate, and

chloride. Tank waste constituents nitrate and technetium-99 are also present as co-contaminants and have

increased over the past several years; however, at concentrations well below the respective drinking water

standards. Chromium concentrations in downgradient wells have generally exceeded background levels,

but similar levels were also observed in upgradient well 299-W18-25 in early 2000 before it went dry.

The objective of this report is to present the current conceptual model for how and where contaminant

releases have reached the water table and how that contamination has dispersed in the groundwater

system. These efforts will achieve the requirements of a groundwater quality assessment under RCRA

[40 CFR 265.93 (d)(4)]. On that basis, a monitoring schedule with appropriate analytes and proposals for

new wells and tests are presented in this document.
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1.0 Introduction

Single-shell tank Waste Management AreaU (WMA U) consists of 16 single-shell underground tanks,

8 diversion boxes, and associated pipelines and valve boxes. In the normal operation of these structures,

leaks and spills released hazardous and radioactive constituents into the surrounding soils. In 2000, the

WMAU was determined to have affected groundwater quality (Hodges and Chou 2000); therefore, a plan

must be prepared to determine the rate of con*aminant migration and the extent of that impact. Specifi-

cally, the plan must describe the steps to delineate the concentrations of groundwater contamination and

the rate and extent of contaminant migration. The ultimate goal of this work is to provide information

necessary for decisions regarding control and remediation of WMA U impacts.

1.1 Regulatory Authority

WMA U, located on the Hanford Site (Frgure 1.1), was used to store high-level radioactive liquid and

entrained solid wastes. The Hanford Federal Facility Agreement and Consent Order (commonly known as

the Tri-Parry Agreement; Washington State Department of Ecology et al. 1989 as amended) placed

WMA U under the authority of the Resource Conservation and Recovery Act of 1976 (RCRA) interim

status regulation. The Tri-Party Agreement also placed the interim status sites under the supervision of

the Washington State Department of Ecology. In accordance with these decisions, WMA U is now

regulated under RCRA interim status regulations as codified in 40 CFR Part 265, Subpart F and

Washington Statedangerous waste regulations (WAC 173-303-400).

The US. Department of Energy (DOE) submitted a RCRA Part A (interim status) permit application

and closure/work plan in 1989 to include all RCRA facilities at Hanford. Since that time, some RCRA

sites have been included in the RCRA Part B (final status) permit. As prescribed under Tri-Party Agree-

ment Major Milestone M-45-00, single-shell tank farm WMAs will be closed in accordance with WAC

173-303-610, but the tanks will remain and be closed under interim status regulations. The time and

method of closure are uncertain, but the current version of the milestone requires closure of all single-

shell tank farms by the end of FY 2024. In the meantime, groundwater beneath the WMAU must

continue to be monitored.

Starting in 1991, groundwater beneath WMA U was monitored by an interim status indicator

evaluation system that compared concentrations of contamination indicator parameters in downgradient

wells to background concentrations of the same constituents established from upgradient wells. Ground-

water now directions changed approximately 1$0° twice since 1991 and background concentrations were

reestablished to accommodate those changes. The most recent recalculation was done in August 1999.

At that time, one of the indicator parameters, specific conductance, exceeded its background value in one

downgradient well, 299-W19-41, triggering a change from detection monitoring to a groundwater quality

assessment (Hodges and Chou 2000).
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Figure 1.1. Location of Waste Management Area U in the 200 West Area of the Hanford Site

Major contributors to the higher downgradient-specific conductance are nonhazardous constituents,

including calcium, magnesium; sulfate, and chloride. Nitrate and technetium-99 are also present as
co-contaminants and have increased over the past several years, however, at concentrations well below

their respective drinking water standards. Chromium and nitrate concentrations in downgradient wells

have generally exceeded background levels, but similar levels were also observed in upgradient well

299-W 18-25 in early 2000 before it went dry. The higher upgradient chromium concentrations were

accompanied by elevated nickel, iron, manganese, chloride, and turbidity, of which only chloride was

elevated in downgradient wells.

2



1.2 Objective of the Plan

The objective of this plan is to delineate specific actions necessary to determine the rate and extent

of migration of hazardous wastes constituents and the concentrations of those constituents in the ground-

water. Specific actions include well drilling, hydrologic characterization to determine groundwater flow

direction.and velocity, and groundwater quality characterization to delineate the extent and concentrations

of specific hazardous and radioactive contaminants.

• 13 Organization of the Plan

T'he plan isorganized as follows:

. Chapter 1.0 - Introduction

• Chapter 2.0 - Background including a brief description of facilities in the WMA IT, associated

operations, waste characteristics, site geology, and hydrology as they impact contaminant migra-

tion; and a summary of known vadose zone contamination from spectral gamma logging

• Chapter 3.0 - Groundwater Quality includ'mg our current understanding of groundwater quality

beneath the WMA and a description of conceptual models by which contaminants from the WMA

have and may in the future impact groundwater quality

• Chapter 4.0.- Data Needs required to characterize the rate of movement and extent of contami-

nation and contaminant concentrations

^ a, Chapter 5.0 - Groundwater Assessment Plan presenting specific actions to collect those data

identified in Chapter 4.0

Chapter 6.0 -Quality Assurance

^ o Chapter 7.0 - References

o Appendix A contains a supporting hydrology letter report

• Appendix B provides as-built drawings for the existing monitoring wells.
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2.0 Background

2.1 Facility Description

WMA U occupies an area of -30,000 m2 and contains 16 underground single-shell tanks constructed
between 1943 and 1944 (Figure 2.1). Twelve tanks (U-101 through U-112) have capacities of 2,017,000 L
and four tanks (U-201 through U-204) have capacities of 208,000 L. In addition to the tanks, eight
diversion boxes, four valve boxes, and associated underground piping are included in the WMA.

The tanks consist of a reinforced concrete tank with a carbon steel liner that extends across the bottom

of the tank.s and approximately 6 m up the walls of the tanks. The concrete dome top is unlined. The

larger tanks are 22.9 m in diameter and are -9 m in height. The bottom of the tanks are - 11 m below

grade with -2 m of fill over the top. Various ports in the tank tops are available for waste transfer and
monitoring. In addition, vadose zone monitoring wells (dry wells) are located in the fill material around
the tanks to allow monitoring of radionuclide migration around the tanks using geophysical (gamma
logging) methods. The smaller tanks are 6.1 m in diameter and 7.8 m in height. The bottom of the
smaller tanks are at -11.3 m below grade with -3.6 m of fill over the top. Buried waste transfer lines run
into the farm to diversion boxes where wastes were routed to various tanks through valve boxes. .

2.2 Operational History

The tanks began receiving waste in 1946(Anderson 1990) and were in more-or-less continual use

from that time until 1980. A more detailed history of operations is presented in Hodges and Chou (2000).

Four of the tanks in the WMA have been declared leakers based on liquid losses and, in the case of

tank U-104, a known tank rupture (Anderson 1990; DOE 1992; Hanlon 1996). Information about these
leaks is presented in Table 2.1. There is considerable uncertainty in the reported leak volumes, but it is

believed that this waste liquid constitutes part ofthe source of contaminants that have affected ground-

water quality. All four tanks have been stabilized and contain little or no pumpable liquid.

In addition to the leaks, three unplanned releases have been documented (DOE 1992). The releases

were at ground surface or near surface and waste volumes associated with these unplanned releases are

unknown. The releases may have resulted in significant spread of contamination. One release consisted

of beta contamination of up to 20 mR/hr at the surface in the vicinity of the 241-U-151 and 241-U-152

diversion boxes east of the south end of the WMA (UN-200-W-6) in 1950. The second release consisted

of a "violent chemical reaction" in a blending tank in the 244-UR vault located on the north end of the

WMA that spread first-cycle metal waste contamination over an unspecified area (UPR-200-W-24) in

1953. This release continued to spread to the north beyond the fence where it is roped off and identified

as a radiation area. The third release involved a ruptured buried waste line at tank U-103 (UPR-200-

W-128) in 1971. DOE (1997) reported significant.surface contamination within the tank farm and
evidence for several additional unreported releases.

4
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Table 2.1. Summary of Tank Leaks at Waste Management Area U

Tank Location in WMA Date Leak Declared
Estimated Leak
Volume (L)

U-101 NE Comer 1959 114,000

U-104 E Central 1954 208,000

U-110 SE Corner 1975 31,000

U-112 SW Corner 1969 32,000

The 216-U-13 trench, located immediately west of the tank farm fence (see Figure 2.1), was used for
steam cleaning and decontaminating vehicles and never received tank waste. Contaminated soil was

removed from the trench and backfilled with clean fill (DOE 1992).

23 Waste Characteristics

A description of wastes sent to the U tank farm is presented in Hodges and Chou (2000), but

Table 2.2 is repeated here to document the chemicals and radionuclides present in the WMA. Table 2.2

presents average concentrations for selected components in the waste at WMA U and ratios of their

concentrations to drinking water standards or maximum contaminant levels. These unweighted averages

represent bulk tank concentrations and do not distinguish between liquid and solid phases within the tanks

and, therefore should be used only as a gross indication of tank concentrations. Considerable effort has

been expanded over the past 5 years to develop best-basis inventory estimates for the contents of all 177

Hanford waste tanks. Table 2.2 presents the constitaents that could appear in the groundwater from an
impact attributable to the WMA. Major chemical species include sodium, chromium, nitrate, sulfate,

chloride, and fluoride. Nitrite and ammonium are present in the tanks in significant quantities, but they

are rarely detected in Hanford Site groundwater beca.use they are probably converted to nitrate by

bacterial action. Nitrite has only rarelybeen detected in samples collected in WMA U.

Some of the tanks also contain significant quantities of organic complexants used during plutonium

separations operations. These compounds are mobile and may be co-contaminants in wastes originating

from the tanks.

In addition to the chemical constituents, the tank waste contains a wide variety of radioactive constit-

uents, including cesium-137, strontium-90, cobalt-60, tritium, technetium-99, iodine-129, selenium-79,

and neptunium-237, along with several isotopes of uranium and plutonium. From the perspective of

transport, the most important radioactive indicators of groundwater contamination for the WMA are

tritium, technetium-99, and iodine-129.



Table 2.2. Selected Waste Constituents in Tanks at Waste Management Area U

(Hodges and Chou 2000)

Waste Component
Average Concentration

in the Tanks
Concentrarion Divided by

DWS or MCL

Sodium 1.5 x 108 µgfL (a)

Calcium 1.6 x 106 }tg/L (a)

Cbromium 2.6 x i06 µg1L 26,000

Nitrate 1.4 x 10g µg/L 3,111

Nitrite 4.46 x 10' µg/L. 13,500

Ammonium 6.68 x 105 µg/L (a)

Sulfate 1.7 x 10° µg/L 34

Chloride 3.0 x 106 µg/L (a)

Fluoride 6.2 x 105 µg/L 155

Phosphate 1.3 x 10' µglL (a)

Carbon-14 2.02 x 107 pCilL 10,100

Cesium-137 1.59 x 1011 pCi/L 795,000,000

Strontium-90 7.83 x 101° pCi/L 9,790,000,000

Tritium 1.4 x 10$ pCi1L 7,000

Cobah-60 2.2 x 10' pCifL 220,000

Teclmetium-99 1.4 x 10$ pCilL 155,555

Selenium-79 2.01 x I06 pCi/L (a)

Iodine-129 2.7 x 105 pCi/L 270,000

Uranium-232 4.15 x105 pCi/L (a)

Uraniunr233 1.59 x 106 pCi/L (a)

Uranium-234 2.05 x 107 pCi/L (a)

Uranium-235 9.1 xl{?S pCi/L (a)

Uranium-236 2.02 x 105 pCi/L (a)

Uranium-238 2.06 x 10'.pCi/L (a)

Uranium 2.52 x 105 µg/L 12,600

Neptunium-237 5.19 x 105 pCiIL 34,600

Plutonium-238 6.71 x 106 pCi/L 44,700

Plutonium-239 3.85 x 10$ pCi/L 25,700,000

Plutonimn-240 5.52 x 30' pCi/L 3,680,000

Plutonium-241 3.72 x 108 pCi/L 24,800,000

Plutomum-242 1.6 x 103 pCt/L 107

Americium-241 3.4 x 106 pCi/L 227,000

Americium-243 3.92 x 103 pCi/L 261

Curium-242 3.14 x 105 pCi1L 20,900

Cnriunt-243 1.33 x 10' pCilL 887

C^sium-244

r

1.78 x 105 pCi/L 11,900

{a) 13o applicable drinking water standard (DWS) or maximum contaminant level (MCL).
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2.4 Geology

The geologic materials beneath the WMA play an important role in this plan by serving as a
secondary source from contamination leaked to ground as well as influencing where and how contami-
nants move through the vadose and saturated groundwater zones. In general in 200 West Area, the
Elephant Mountain Member of the Saddle Mountains Basalt, Columbia River Basalt Group serves as the
base of the unconfined aquifer (Reidel and Fecht 1981). The unconfined aquifer is located in the Ringold
Formation. The Hanford formation (informal name) sedimentary sequence overlies the Ringold

Formation and extends to ground surface. For a detailed geographic and geologic description of the
stratigraphic units present in the 200 West Area, see Lindsey et al. (1992). Additional discussions of the

geology beneath WMA U specifically are found in Price and Fecht (1976).

WMA U is situated in the south central portion of the 200 West Area where specific sedimentary

strata influence contaminant migration pathways in significant ways. Two geologic cross sections are
shown in Figures 2.2 and 2:3. Figure 2.4 is a location map showing where the cross-sections are located.

Plate 1 in the back of the report provides a more complete description of the geology summarized in
Figures 2.2 and 2.3. The suprabasalt sediments that compose the uppermost aquifer system are approxi-

mately 170 in thick and lie on the surface of the Elephant Mountain Basalt bedrock, which dips to the
south-southwest beneath WMA U. Ringold Unit 9 lies directly on top of the basalt and is up to 30 in
thick. This unit is composed of sand and gravel and dips to the south-southwest. The Ringold Unit 8

(Lower mud unit) confining interval lies on top of Ringold Unit 9 approximately 140 in below ground
surface and averages over 15 in thick. The hydraulic conductivity of this unit is low, estimated at less

than 10"6 m/d (Bergeron and Wurstner 2000); therefore, it effectively serves as the base of the upper

aquifer. Ringold Unit 8 also dips to the south-southwest beneath the tank farm. The uppemsost aquifer,

approximately 65 in thick beneath WMA U, is entirely within the Ringold Unit 5 (Ringold Unit E) gravel,

which lies on top of Ringold Unit 8.

Ringold Unit 5 gravel is best described as fluvial sandy gravel ranging from sand to silty sandy gravel

and cobble gravel. Gravels are generally clast supported. Drill cuttings, drill rate, and geophysical logs

easily identify the Ringold Unit 5 gravel. The top of Unit 5 is above the water table and drops approxi-

mately 3 in to the south-southwest beneath the tank farm The Upper Ringold Unit (Unit 4) is not present

beneath the tank farm based on a review of drilling, geologic, and geophysical logs. The fine-grained

Plio-Pleistocene interval overlies Ringold Unit 5.

Above the water table, the vadose zone is composed in ascending order of the upper Ringold Unit 5

silty sandy gravel, which is unconformably overlain by the Plio-Pleistocene interval composed of sandy

silt to day and includes a basal carbonate cemented soil horizon (caliche zone), and finally the Hanford
silt, sand, and gravel. The vadose zone is approximately 67 in thick.

The Plio-Pleistocene interval is composed of two distinct intervals that may affect infiltration of tank

leaks and other liquids: 1) a basal soil horizon (caliche zone) that developed on the exposed paleo-surface

of the Ringold Formation, and 2) a thicker fine sand/silt unit above. The caliche zone is composed of

calcium carbonate cemented sand, silt, and/or Ringold gravel. Cementation varies from finely dissemi-

nated carbonate particles in the silt to calcium carbonate nodules in the fine sands. Within the gravel the

,•,
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caliche exhibits variable matrix cementation that can form hard solid white to pale white stringers or

layers. Root casts and weathered sediments have also been identified (elsewhere) within this interval.

The top of the caliche zone dips approximately 3 in to the, south-southwest beneath the tank farm similar

to the Ringold Formation Unit 5. The caliche grades downward into unaltered, un-weathered Ringold

Unit 5 gravel, which can be distinguished from the weathered gravel by the lack of carbonate reaction to

dilute hydrochloric acid. The caliche zone averages approximately 1 in thick.

Above the caliche zone, the Plio-Pieistocene is composed of mostly very fine sandy silt to silt/clay

that exhibits very little depositional structure (i.e., massive) in core samples and, therefore, has been

interpreted to be eolian in origin. This interval dips 2.5 to 3 in to the southwest similar to the Ringold

Unit 5 and ranges from 3 to 6 in thick beneath WMA U. The Plio-Pleistocene interval is an areally

extensive zone beneath most of the 200 West Area where conditions of perched water have been noted.

Locally, liquid effluent discharged at the Z ditches to the west and the U-14 Ditch and Ul/2 Cribs to the

east, has perched above this interval. These observations indicate that water percolating through the

vadose zone beneath the WMA may move to the south-southwest along the top of the Plio-Pleistocene

interval.

The Hanford formation (Unit 1) overlies the Plio-Pleistocene interval and can be separated into two

depositional intervals: 1) the lower H2 unit composed of mostly sand and silt, and 2) the IIl unit, which

is composed of higher-energy deposits consisting of coarse-grained sand to gravel. The contact between

the Hl and H2 units is gradational and irregular and slopes to the east-northeast, unlike the older forma-

tions beneath the Hanford formation that all dip to the southwest. The Hl-H2 contact drops approxi-

mately 3 in to the northeast across WMA U. The H2 unit averages 24 in thick, thinning to the northeast

and east. The slope of this unit most likely was shaped and controlled by higher-energy flood deposits as

a facies transition as indicated by the accumulation of coarser-grained sediments above it. The H2 unit is

composed of stacked, repeating, flat lying sequences of silt and fine sand lamina. These thin-bedded

intervals can be differentiated only by intact sediment core evaluation. The H2 typically is a fining down-

ward sequence based on core analysis and geophysical log interpretations. The only notable change in the

H2 unit is a gravelly sand lens that develops in wells just west of the tank farm near the Z ditches, The

gravel does not exist beneath the tank farm but records indicate that infiltrating water from the Z ditches

at one time saturated the upper H2 unit and this gravel interval. The eastern extent of this gravelly

interval has not been determined because it does not exist in wells beneath or surrounding the tank farm.

The base of the tanks is within the Hl unit, near the Hl-H2 boundary, therefore, the migration of

water and waste liquids from within the tank farm is controlled within the vadose zone by this contact, the

Plio-Pleistocene unit, and Ringold Unit 5. With the exception of the Hl-H2 contact, these units slope to

the south-southwest; therefore, it is probable that leaking tank liquids could migrate laterally to the

southwest along the older, lower sedimentary interfaces.

The upper Hl unit is differentiated from the H2 unit primarily by grain size; a significant change in

overall grain size occurs at the Hl-H2 boundary, from a uniformly coarser sand and gravei above to finer-

grained sand and silt of the H2 unit below. Within the Hl, sediments may be composed of coarse sand to

silty sandy gravel, and clean clast-supported (open framework) gravel. The Hl interval is considered the

most permeable unit in the suprabasalt sequence because of the lack of cementation and its well-sorted
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and clast-supported nature. The Hl unit is approximately 12 to 15 m thick. Most cribs and ditches in the
area surrounding the tank farm that have released liquids to the ground are constructed within this very
permeable interval. Overlying the Hanford Hl unit is a thin veneer (1 to 3 m) of recently deposited eolian
silt and sand.

2.5 Hydrology

Water beneath the WMA is found in the unsaturated vadose zone above the water table and in the
saturated zone below the water table. Properties of groundwater in both regions are important in under-
standing how the WMA may impact groundwater quality. Generally, groundwater refers to water below
the water table and this convention will be used in this plan.

2.5.1 Vadose Zone Hydrology

The unsaturated sediments above the water table affect how waste solutions move through the soil,
how much is retained in the sediment column, and how much waste eventually reaches the water table.
The source of contamination for the WMA is liquid waste released to near surface or subsurface sedi-
ments. These liquids move through the sediment under unsaturated conditions and as a result, tend to
spread laterally at changes in stratigraphy. Small volume leaks would tend to be retained in the vadose
zone near the leak point. Larger leaks would be expected to move deeper in the soil, spreading laterally
as the wetting front moves downward.

A major stratigraphic change is the top of the Plio-Pleistocene unit. This unit, located about 30 m
below ground surface would slow the downward movement of water and divert it to the southwest, the
direction the top of the unit is dipping beneath the WMA. Water from a waste release may reach the
water table at a time, location, and concentration depending on its volume, depth of release, and diversion
from downward movement at a stratigraphic change. Over time, wastewater released to the sediment
column near ground surface will evaporate or be driven downward to the water table by new inputs of
water to the sediment column from above. It is this downward movement of water in the vadose zone that
carries waste contaminants to the water table. Water movement in the unsaturated zone is relatively slow
compared to groundwater flow below the water table, delaying the observed impact of a near surface
waste release on groundwater quality.

2.5.2 Saturated Zone Hydrology

Properties of the groundwater system determine where contaminants are transported, how widely they
spread and their resultant concentrations, and how fast they move away from the WMA. Groundwater
characteristics important for this plan are the direction of groundwater flow in three dimensions and the
flow rate. These properties may be determined several ways, but the standard method for this WMA has
been to measure water levels in surrounding monitoring wells. A depiction of the water table surface in
March 2001 is presented as a water table map in Figure 2.5.
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Groundwater flow direction and hydraulic gradient across WMA U were also determined by

performing a trend surface analysis of water level measurements in surrounding monitoring wells. An

analysis of these data is presented in the letter report provided in Appendix A(a^. Three combinations

were evaluated: 1) the WMA as a whole, 2) the northern WMA, and 3) the southern WMA. In summary,

the hydraulic gradient has remained constant at approximately 0.0021 and consistently easterly ground-

water flow direction is indicated (Tables 2, 3, and 4, Appendix A).

Groundwater flow velocity, v, has been estimated using the Darcy equation:

v= -Ki/ne

where K = hydraulic conductivity

i = hydraulic gradient

ne = effective porosity.

Values for hydraulic conductivity and effective porosity have been determined from various aquifer

tests including slug tests, constant-rate pumping tests, and tracer-dilution tests. A description of these

tests and their results are presented in Spane et al. (2001). These tests indicated that the hydraulic con-

ductivity and effective porosity (specific yield) for the area around well 299-W 19-42 are 6.12 m/d and

0.17. Hydraulic conductivity determined from slug tests at well 299-W 19-41 ranged from 1.1 m/d to

1.9 m/d, but, according to Spane et al. (2001), the test responses indicated that the well was probably not

fully developed, which may explain why the hydraulic conductivity was lower than in well 299-W19-42.

Using the data from well 299-W 19-42, the groundwater flow velocity is calculated to be about 30 m/yr.

Over time, groundwater flow direction and velocity may change in response to dewatering of the

unconfined aquifer beneath the WMA. The aquifer, which was artificially recharged by Hanford opera-

tions resulting in a rise in the water table, is no longer receiving large volumes of water and the excess

water is draining from the aquifer. The resultant falling water table may change the groundwater flow

direction and cause the hydraulic gradient to decrease. Hydrographs for WMA U groundwater monitor-

ing wells are shown in Figure 2.6. The water table has been dropping at a linear rate of about 0.4 m/yr

since 1998. Since 1997, water levels in upgradient and downgradient wells have separated into two

populations indicating a distinct gradient across the WMA.

Previous interpretations of water levels in an area north of WMA U indicated that groundwater

withdrawals from a nearby pumping well 299-W 15-37, part of the ZP-1 Operable Unit pump-and-treat

remedial action, caused groundwater in the northern half of WMA U to be diverted to the north-northeast

direction from the generally easterly flow direction. Because the well is about 100 m from the northern

boundary of the WMA, the well was thought to have diverted groundwater flow even though there were

no wells between the pumping well and the north end of the WMA to support this assumption. Pumping

of the well was permanently discontinued on January 17, 2001. Before the pumping well was to be shut

down, pressure transducers and data loggers were placed on two WMA U monitoring wells to record any

impact on water levels. In addition, weekly water level measurements in wells surrounding the WMA

(a) F. A. Spane, letter report to R. M. Smith, March 14, 2001.

17



145

144

143

^
J 142

Cl)

= 141

;O
c0
^ 140

W

139

138

137

p -+-299-W 18-31

299-W 18-25

299-W18-30

^X 299-W 19-12

0 299-W19-31

^ -• 299-W 19-42

q 299-W19-32

299-W 19-41- ^ -

.

90 92 94 96 98 00 02

Date

Figure 2.6. Hydrographs for Groundwater Monitoring Wells at Waste Management Area U

were started. The letter report presented in Appendix A provides a detailed analysis of water levels and

groundwater flow before and after well 299-W15-37 was removed from the remedial action. Figure 2

in Appendix A shows the manually measured water levels for six monitoring wells around WMA U.

This figure shows that water levels in all of the wells responded similarly; therefore, pumping at well

299-W 15-37 has affected all of the wells equally. Spane (Appendix A) evaluated the effects of shutting

down pumping well 299-W 15-37 and concluded that water levels were affected in the two wells moni-

tored, 299-W 18-31 and 299-W 19-42, but only by up to 0.1 in. Because atmospheric changes affected

water levels by up to 0.25 in over a several day period, the effect of the pumping well could be deter-

mined only by removing barometric effects. Continued monitoring indicated that the rising water levels

(recovery period) lasted only 1 month, at which time, water levels began to drop at the rate of the regional

water table in 200 West Area of about 0.4 m/yr. Therefore, contrary to previous interpretations, while

pumping well 299-W 15-37 did have an impact on groundwater in the vicinity of WMA U, that effect was

apparently equal across the entire area and negligible in its effect on groundwater flow direction and

velocity.

The falling water table affects the regional hydraulic gradient and groundwater flow rate and also

shortens the useful lifetime of monitoring wells. The water table will reach steady-state levels when it

reaches pre-Hanford levels or some other level based on current and future aquifer recharge scenarios.
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Kipp and Mudd (1974) presented a water table map for the Hanford Site in 1944, prior to Hanford

operations, which was based on water levels estimated from data collected between 1948 and 1952. The

estimated water table elevation in the vicinity of WMA U was about 124 m above sea level and is the

assumed base level to which the water table could fall. The 1944 estimated water table elevation for

200 West Area may be low, indicated by later maps showing the water table 3 m to 6 m higher in areas

unaffected by Hanford operations. Bergeron and Wurstner (2000) predicted post-Hanford steady-state

water levels using a three-dimensional groundwater flow model of the Hanford Site. The predicted

steady-state water level elevation for the WMA U area is about 130 m. These water levels, the current

water table position, and the screened intervals for the current monitoring wells are presented on

Figure 2.7. The figure shows how much screened interval is currently available for groundwater

monitoring and where the bottom of the screened interval is located relative to possible future baseline

water levels.

I
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Monitoring Well

Figure 2.7. Screened Interval Relative to Current and Future Water Levels

Upgradient well 299-W 18-25 had about 0.2 m of water above the screen bottom; too little to sample

and it will be completely dry within 6 months. With the water table falling at a rate of 0.4 m/yr, the nexi

well that will become unsampleable is well 299-W 18-31 in about 6 years. Well 299-W 18-30 has an

estimated lifetime of about 8 years. The other wells and the new wells will likely have a lifetime that is

independent of water levels unless the baseline water level drops to the 1944 predicted level. Conserva-

tively, those wells have a minimum lifetime, based on water levels, of about 25 years.
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2.6 Vadose Zone Contamination

Contaminants that reach the water table must pass through the vadose zone where plumes from past

leaks and spills have been retained or their movement slowed by either chemical (sorption) or physical

(water retention under unsaturated conditions) processes. Knowing the location of current vadose zone

contamination provides a basis for focusing groundwater monitoring on a specific area of the WMA or

providing an explanation for groundwater contamination if it is detected. Spectral gamma logging in

boreholes drilled around tanks in the WMA has been conducted to delineate where gamma emitting

radionuclides are located in the vadose zone (DOE 2000). While the radioactive contaminants detectable

by gamma logging are considered fairly immobile in Hanford sediments, the vadose zone plumes identi-

fied indicate where more mobile tank constituents have been released to the soil and provide a minimum

indication of how deep the plumes may have migrated.

Figures 2.8 and 2.9 contain selected figures from the addendum to the U tank farm spectral gamma

logging report (DOE 2000). These figures present the authors' spatial representation of the spectral

gamma logs collected for each drywell and are used in this report to indicate the general locations of

gamma contamination around the tanks. The gamma logs, which present the actual data, are included

in the logging report (DOE 2000). The addendum and the original report can be viewed at http://www.

doeaipo.com/progranis/hanf/HTFVZ.html .

Figure 2.8 presents a general representation of detected contamination at progressively deeper posi-

tions beneath ground surface ranging from 1.2 in to 30.5 in deep. This figure generally indicates that

contaminated sediments are located mainly near ground surface and at and just below the bottom of the

tanks. Approximately 50% of the near surface sediments (1.2 in below ground) appear to be contami-

nated as shown in Figure 2.8a. At 7 in deep, just above the bottom of the tanks, Figure 2.8b indicates that

only one borehole adjacent to tank U-110 contained significant gamma contamination. Figure 2.8c shows

that at 17 in, approximately 6 in below the bottom of the tanks, uranium and cesium spread from each of

the reported leaking tanks except for tank U-101. Subsurface contamination appears to be the most wide-

spread at this depth indicating that most of the deep contamination was from tank leaks and that it was

retained close to the bottoms of the tanks. The uranium distribution suggests that liquids leaked from

tank U-104 may have spread to the southwest. At 30.5 m, only one borehole contained measurable

amounts of cesium contamination. Figure 2.9 shows four, three-dimensional views of vadose zone

contamination. These figures indicate that liquid wastes leaked to the sediments tended to spread at a

depth that is near the contact between the H1 and H2 units in the Hanford formation. This effect can be

observed most easily in Figure 2.9b where the shape of the cesium plume beneath tank U-110 and the

uranium plume beside tank U-111 appear flattened. The maximum depth of cesium detection beneath

tank U-112 appears to coincide with the top of the Plio-Pleistocene interval. These relationships warrant

additional attention when the WMA is investigated for closure purposes.

These spectral gamma data indicate that near surface sediments are extensively contaminated, but this

contamination has remained near the surface. The source of this contamination is likely spills and

unplanned releases and not the tanks. Deeper contamination appears to be associated with tank leaks that

spread laterally at the bottom of the tanks. It appears that some of the contamination also spread laterally
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21



• momtonng dorenote

^^ • .

U 112 U ltw J-103

i • . ' .

• 'J-i': • U•1^G U-Iiu J-102

i •

40
(: ?1U • U-, U-704 • U-101

Assunrcd Iwkcre ( Han!an 20001 are shown !n red fex(.

Cs-137 Isodevei = 0 5 pGbg Depth of Honxcn!ei F'anar Out. a 56 fl BGS U-2351suievel = 2 pC,g

C9-137 Concentration ( pCllg) U-235 Concentration (pCilg)

10- to- to, to' 10' 10• 10' 1o• 10' to- U-236!splevB=20pCVg 1 10 100
U •238 Concentratlon (p CUg)

10 t00 1000

(c)

• • . . . .

• • ' . . .

L11?^ U-1U9 U-1D6 U-1D3

E -
^ • • •

U-11! • U-103 U-105 U-102

• •

• . ' ' •

. . .

. U-?10 U-1D7 U-fOJ • U-101

. • • •

A. ...,,, d r-n .(Ha u„ 2ono1 I,- .,h^w, , ,-d << r

Deptn of HOraonfal Planar stir.e @ 1Cr, n sG5

G°-137 IsaIeves ^ 0,5 pCilg
Cs-137 Concentration (pCBg)I _,

to, 1o' 10, 10'^10' to- 1o' to- 10' 103

(d)

Figure 2.8. Distribution of Gamma Emitting Radionuclides at Various Depths in Waste

Waste Management Area (from DOE 2000) (continued)

22



Par,eis Ci 'N^ck tlogrd.^r:ha raCe r.aarV

ri iL`Br arn Piu51''a'ad ty ^`EdY/ 014'+.'fFS

Ele

(a)

Panors orurocK oraprOm rpar eaco Wworo
mae0r am adsNamrf by 11o0vy outtmos

AlsrrmCd IC^krr<(11dnICn 2000) •,rC hCwn rn rcrt Mx!

840

snob-
820-

ti00

!
580

580- ^ I ! ^ . ^ .

540

520

ev. irt)

Ca•t77 Concentratlon (pCt1g)
"

-
I I

t0' t0" +o' 10^ to' 10' to' to' tor 10'
U-238 Isule•:al = 20 pGir9

U•238 Concentration IpCifgl
- Crel=: t:fi9 I - J

Co{0 ConconUation (pCdg) 1. to0 1000
I U IsWevN - 2 pCrg

0.' ' 10 100 U-235 Concentration (pCUg)
-tia is::rvai = [ p:e9 r--^

Eu-154 Concentration (pCilg). ..
L ^

10 100
L

01 t ,0 100

(b)

Figure 2.9. Three-Dimensional Distribution of Gamma Radionuclides Beneath

Waste Management Area U (from DOE 2000)
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at the contact between two sediment units within the Hanford formation. The deepest extent ofcontami-

nation detected is :xsittrII-137 at slightly deeper than 30 in adjacent to tank U-1 i2. Subsutface gamma

emitting contaminants were found at various depths in the southern half ofthe WMA; therefore, mobile

contaminauts in the leaked waste would be expected to reach groundwater beneath the middle to southern

halfof the WMA. A surprising observation was that no subsurfaee contamination was found inthe four

drywells around tank U-101 that reportedly leaked 114,000 L of tank waste into the surrounding sedi-

ments. This could be because there are no monitoring drywells on the northern half of the tank and only

one drywell onthe east side of the tank.

3.0 Groundwater Quality

3.1 Egisting Data

Hodges and Chou (2000) discussed groundwater quality data for WMA U. Concentrations of

calcium, magnesium, sulfate, chloride, nitrate, technetium, and chromium were higher in downgradient

wells than upgradient wells. None of the constituents that affectedgroundwater quality exceeded drink-

ing water standards. Increases in calciuxn, magnesium, sulfate, chloride, and nitrate are responsible for

elevated levels of specific conductance. The impacts were . observed mainly in the downgradient wells on

the southern half of the WMA. The pH in well 299-W19-12 is statistically higher than all other wells in

the monitoring network. The cause of the elevated pH may be due to well construction techniques in

which cement was used to seal the annulus of the well. The elevated pH is not cuirently thought to be an

effect of the WMA.

3.2 Conceptual Model

The sources of contaminants in groundwater beneath the WMA are vadose zone plumes generated

from tank leaks, pipe leaks, and various releases as described in Section 2.2. None of the releases were

likely to be of sufficient volume to reach the water table independent of additional water sources. It is

likely that infiltrating precipitation was focused to the sides of the tanks by the "umbrella effxY' where

the tops of the tanks shed percolating water to the sediments surrounding the tanks. In addition, the tank

farm has received "nm-on" water from snow melt and high intensity, short duration precipitation events,

and pipeline leaks of clean water used in the tank farm. In addition to these sources of water, the gravel

cover and the practice of removing and preventing the growth of vegetation on the surface of the WMA,

encourage the infiltration of any water that reaches the area. These sources of water likely mobilized

contaminants in the vadose zone where they were eventually leached to the water table where they
affected groundwater quality.

f'itoundwater chemistry downgradient of the WMA indicates the source of contamination is close and

of small volume so far. The major changes in groundwater chemistry are increases in calcium, magne-

sium, sulfate, and nitrate. While nitrate and sulfate are major constituents in the waste, the other ionic
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species are major components of the natural vadose zone sediments. As water moves through the vadose

zone, it mayencounter a contaminant plume, mix with waste solutions, ineorporating sodium, nitrate,

sulfate,andather soluble species from the plume and continue migrating through the vadose zone. The

migrating solution encounters natural deposits of calcium carbonate and gypsum (aalcium sulfate) and

dissolves them in accordance with their solubility. As the solution migrates through the sediment column,

soluble cationscalcium, magnesium, and sodium compete for ion exchange sites on the sediment parti-

^cles. Because of the limited supply of sodium, it exchanges for cations on exchange sites, leaving the

solution enriched in calcium and magnesium, rather than sodium Therefore, with a small volume or

percolating liquid, the first arrival of the waste will contain elevated calcium and magnesium. Sulfate will A N

be present because gypsum would be dissolved by the percolating solution and sulfate will be leached

from any wasteplumes encountered. Soluble nitrate in the waste plume would dissolve into the

percolating solution and be carried downward. Technetium-99 behaves:similarly to nitrate, so the ,^dt

percolating solution that encountered a technetium-99 bearing waste plume would also contain elevated

technetium concentrations. If the percolating solution were a large volume plume of tank waste, the

solution arriving at the water table would be characterized by high concentrations of sodium, nitrate,

sulfate, and technetium. These conditions were not found in groundwater downgradient fromthe WMA.

The chemical composition and low concentrations of waste constituents in groundwater downgradient of ^9

WMA U indicate that the impact has more likely been from small volumes of water leaching through

^

existing vadose contaminant plumes.

4.0 Data Needs

Waste sources within WMA U caused increases in nonhazardous major ion species and

co-contaminants technetium-99, nitrate, and possibly chromium in groundwater downgradient of the area.

These contaminant concentrations are currently low and their presumed spatial extent is small, however,

knowledge about where waste releases have occurred suggests that there are some gaps in groundwater

momtoring coverage. In addition, the current conceptual model for the Site indicates that most of the

released contamination is in the vadose zone; so continued groundwater monitoring is warranted to

deternzine if contaminants are transported into the groundwater system in the future: The site conceptual

model could change as additional data are collected.

4.1 Spatial Coverage

Five wells are currently used to monitor the WMA U. These wells, shown on Figure 2.1, are

insufficient to monitor the WMA for three reasons. First, the north end of the WMA is contaminated

from releases from the 244-UR-Vault and there are no wells monitoring the downgradient, eastern side

of the WMA at this point. Second, well 299-W 19-12 is an older well with elevated pH indicating that

cement used in its construction may be affecting the quality of groundwater samples. Third, upgradient

well 299-W18-25 went dry in 2000 and has not been replaced. Most of the contamination has and is
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currently detected downgradient of the southern end of the WMA in monitoring well 299-W19-41. An

upgradient well is needed for the WMA. These wells are discussed in Section 5.2.

No monitoring wells have extended more than 10 in below the water table. Therefore, the vertical
extent of contamination from the WMA is unknown. There are no indications that drivers currently exist

= to cause contanunation to migrate below the current depth of the monitoring wells. Wastes released from

the WMA are concentrated brines which might suggest that if a dense fluid waste reached the water table,

it could migrate deeper in the groundwater system before it is transported laterally from the area. Because

the wastes reaching the water table to date have been of relatively low concentration, these conditions

probably have not existed. A planned well completed deeper in the groundwater system near well

299-W19-41, where the highest downgradient contamination is found, will be used to evaluate the depth

of contamination below the water table.

4.2 Groundwater Flow

As described in Section 2.4, groundwater flow in the vicinity of WMA U has been characterized well

enough to know the current flow direction and velocity. Aquifer properties such as hydraulic conduc- .

tivity and specific yield have been determined from aquifer tests. As additional monitoring wells are

drilled, aquifer tests will be conducted to collect additional point measurements of hydraulic conductivity.

These tests are necessary because as the water table falls, the wells are completed in deeper, uncharac-

terized portions of the aquifer.

The major data need for groundwater flow is to continue monitoring water levels so that groundwater

flow directions and gradients can be updated on a periodic basis.

43 Groundwater Quality

The major groundwater quality data needs are to monitor known tank waste constituents and indica-

tors that could reach the water table. Trends in these constituents are needed to judge the nature of the

continued impact of the WMA ongroundwater quality. Samples from deeper in the aquifer will provide
information about the vertical extent of contamination from the WMA.

5.0 Groundwater Assessment Plan

Plans presented in this section are based on data needs presented in Section 4.0. The observed
impacts of the wIV1A on groundwater quality are minor to date, but some gaps in coverage need to be

filled and the area needs to be monitored to ensure that possible futnre impacts are characterized. There-
fore, the plans include constructing additional groundwater monitoring wells and monitoring groundwater
for those Site-specific constituents contained in the wastes at frequencies appropriate for the rate of
groundwater flow beneath the area, quarterly at a minimum.
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5.1 Approach

,...,^

The original assessment, the first determination (Hodges and Chou 2000), showed that WMA U had

affected groundwater quality with nonhazardous major ion species and co-contaminants technetium-99,

nitrate, and chromium. Since that report was published, levels for specific conductance, nitrate, and

technetium-99 have continued to rise, indicating that wastes are continuing to drain through the vadose

zone. Continued groundwater monitoring will be performed to follow those trends. In addition, on a

periodic basis, samples will be analyzed for other tank waste constituents to see if they have reached

groundwater. Five additional wells are planned to fill some gaps along the downgradient margin of the

WMA, to replace a dry upgradient well, and to explore the vertical extent of the detected contamination.

5.2 New Wells

Five new monitoring wells are planned for WMA U. The new well locations are shown on

Figure 5.1. These wells and their locations have been agreed to between DOE and the Washington State

Department of Ecology. Wells 1 through 3 will be drilled in CY 2001; wells 4 and 5 have been proposed

but their construction schedule has yet to be determined. Wells 1 and 3 will be drilled on the down-

gradient margin of the WMA and completed in the top 10:7 in of the aquifer. These two wells will be

evenly spaced between wells 299-W19-41 and 299-W19-42. The two new wells will replace well

299-W19-12 because groundwater samples collected from the well have elevated pH levels, indicating

that the samples may be compromised by the cement used in construction of the well. Well 2 will be

drilled on the upgradient side of the WMA, about 30 in north of existing we11299-W 18-25 that is dry.

Well 2 will be drilled far enough north to avoid a U tank farm runoff control system that will be

constructed through the area in the summer of 2001. Well 4 will be drilled directly downgradient ofthe

244-UR Vault. Well 4 will be drilled adjacent to well 299-W19-41 and will be drilled to the Ringold

Lower Mud unit. Water samples will be collected as the well is drilled. Rapid groundwater analyses will

provide information about the distribution of contaminants and ultimately where the well should be

completed in the deeper part of the aquifer. The purpose of this well is to define the vertical extent of

contamination at the location where the largest groundwater quality impact has been detected. Well 5

will be drilled downgradient of the north end of the WMA where releases from the 244UR Vault

occurred. These new wells will be placed on the same sampling and analysis schedule as the existing

wells.

yJ

As the wells are drilled, sediment samples will be collected every 5 ft and at changes in stratigraphy. ?

Continuous core will be collected from ground surface to the top of the Ringold Formation or refusal in J

well 1. Moisture samples will be collected from the splitspoon shoe. As well 4 is drilled through the

unconfined aquifer, water samples will be collected at the water table; at 10 in, 20 m, and 30 in below the

water table; and just above the Lower Mud Unit. These samples will be analyzed for nitrate, sulfate, and
J

technetium-99, the major waste constituents whose elevated concentrations would indicate a WMA

impact on groundwater quality. The wells will be logged by spectral gamma techniques to provide gross

gamma logs and specific logs for potassium-40; uranium, thorium-234, and anthropogenic gamma

emitting radionuclides before a smaller string of casing is used in the well. These data will be used
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to refine the geologic model of the area. The geologist's logs, geophysical logs, construction specifi-

and any other information collected during drilling will be documented in borehole completioncations,

reports.

53 Sampling and Analysis

The current groundwater monitoring network consists of five wells. The wells and some of their

important characteristics are presented in Table 5.1. Well 299-W18-31 is upgradient of the WMA and the

other four wells are downgradient. Wells 299-W18-25, 299-W 19-31, and 299-W19-32 are included for

reference only because they have gone dry and can no longer be sampled. They are included because

water quality data from those wells are important in understanding past groundwater conditions.

Table 5.1. Wells in Monitoring Network

Depth to Length of
Bottom Depth to Water

of Water on Column in
Screen 3/1/01 Screen on Sereen. Construction Monitoring

Well (m) (m) 3/1/01 (in) Length(m) Casing/Screen Interval

299-W18-3091 71.4 68.7 2.7 10.7 SS/SS Top of unconfined

299-W18-3193 67.8 65.7 2.1 10.7 5S/SS Top of unconfined

299-W 19-12B3ro3 73.2 68.6 4.6 12.2 CS IO/SS Top of unconfined

299-W19-419s 77.8 69.1 8.7 10.7 SS/SS Top of unconfined

299-W 19-429s , 77.8 68.9 8.9 10.7 SS/SS Top of mu.enfined

299W18-259° tdl 65.5 65.91e1 -0.4 4.6 SS/SS Dry

299-W19-3140td) 67.8 68.1 (`) -0.3 4.6 SS/SS Dry

299-W 19-32" (d) 67.8 68.3 (`l -0.5 4.6 SS/SS Dry

Note: Superscript following well number denotes year of installation.
(a) Stainless steel.
(b) Pre-RCRA; the bottom 3 in of the well have been filled.
(c) Carbon steel.
(d) Unsampleable.
(e) The water table has dropped below the screen; depth to water has been approximated from nearby wells.

Table 5.2 presents the sampling frequency for each well and the analyses that will be performed.

Additional constituents present in tank wastes may be added to the list presented in Table 5.2 and the

monitoring frequency may be modified at the discretion of the project scientist based on data needs. After

the new wells are sampled the first time, their sampling and analysis schedule will be adjusted so that they

are sampled at the same time as the currently existing wells.

^j
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Table 5.2. Sampling Frequency and Constituent List

II
Well Q,

o ^ ^. v ^ ^ •a' . ° ' N > ^ ^.

Q ^

>. .3.

299-W18-30 Q Q Q Q Q Q Q A A A A A Q
299-W 18-31 Q Q Q Q Q Q Q A A A A A Q
299-W19-12 . Q Q Q Q Q Q Q A A A A A Q
299-W19-41 Q Q Q Q Q Q Q A A A A A Q
299-W19=42 Q Q Q Q Q Q Q A A A A A Q
New Well 1` Q Q Q Q Q Q Q A A A 'A A Q
NewWe112` Q Q Q Q Q Q Q A A A A A Q
NewWell3` Q Q Q Q Q Q Q A A A A A Q
New We114 `̀ Q Q Q Q Q Q Q A A A A A Q
NewWe115` Q Q Q Q Q Q Q A A A A A Q
Note: Sampling and analysis frequency is Q for quarterly (February, May, August, and

November) and A for annual (February).
(a) Metals include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, Sr, V, Zn.
(b) Volatile organic compound's of specifiointerest are carbon tetrachloride and chloroform.
(c) All listed analyses will be performed on first time samples from new wells.

5.4 Groundwater Flow

Groundwater flow direction and rate must be determined regularly. These properties are determined
several ways, but the standard method for this WMA has been to measure water levels in surrounding
monitoring wells. Water levels will continue to be measured on a quarterly basis in all WMA U moni-
toring wells. These data will be converted to elevations and evaluated using trend surface analysis and
shown as a water table map. Groundwater flow velocity, v, will be estimated using the Darcy equation.

Slug tests will be conducted at all new wells to determine hydraulic conductivity. Additional aquifer
testing such as vertical flow tracer tests may be conducted in the future if detected contamination

^ increases rapidly or to levels well above the drinking water standard.
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5.5 Data Evaluation
J

Water level data will be used to calculate a least squares linear surface (plane) from which ground-

water flow direction and gradient are determined. Calculated water level gradients between upgradient

and downgradient wells will be used to calculate the groundwater flow rate. These data will be presented

as water table maps.

Groundwater chemistry data will be collected in accordance with the schedule presented in Table 5.2.

These data will be evaluated using time series plots to identify any changes in trends and differences

between upgradient and downgradient locations. Trends will be evaluated in light of groundwater flow;

surface events such as leaks, spills, and releases of water or wastes on the WMA; and any other actions

that could affect groundwater quality. The assessment strategy is to continue monitoring the WMA to

determine how the existing impact on groundwater quality changes over time. Currently, groundwater

contamination is at low concentrations and contaminant distribution maps are not warranted. Plume maps

will be developed to depict the areal distribution of any additionally identified groundwater contamina-

tion. Constituent ratios may be used as done in Hodges and Chou (2000) to help evaluate sources of

detected contamination.

6.0 Quality Assurance

Groundwater samples will be collected and analyzed in accordance with written contractor proced-

ures, and data will be managed in accordance with written Pacific Northwest National Laboratory

procedures, all controlled by a quality assurance project plan (QAPjP). Tasks performed in this plan will

be conducted in accordance with QA plan ETD-012, Rev.2 (or latest revision). Specific items in this

assessment plan controlled by the QA plan and their controlling procedures are

• Groundwater Sampling controlled by Duratek subcontract for groundwater sample collection and

shipping to the lab and field measurements

• Water Level Monitoring will be controlled by Duratek subcontract and PNL-MA-567

• Analytical Analyses will be controlled by Severn Trent Laboratories, Inc., subcontract

• Data Management will be controlled by PNL-MA-567.
NA

Quality assurance and quality control are discussed in detail for the entire PNNL Groundwater

Monitoring Project in Appendix B of the annual groundwater monitoring report (Hartman et al. 2001).

Specific analytical procedures are presented in Hartman (2000).
^-,
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This later report presents the results of a preliminary assessment of the hydrologic impact
of the recent shutdown of pumping activities at a ZP-1 e.srzaction well (299-W15-37) on
groundwater conditions within the Waste Management Area (WMA) U, in the Hanford Site 200
West Area The a.ssessniemt included two analytical methais: trend-surface analysis of discrete
well water-level elevation measurements for investigating chaiges in groundwater flow
characteristics (a.e., groundwater flow direction and hydraulic gracliercit) within theWMA U, and
d}mamic well response analysis, which c^anbe used to examine water-level trends after removal of
extrane©us stress effects (e.g., barometric fluctuations) Most of discussion on analytical methods
used in this letter report are presented in Spane (1999) andSpane and Thorne (2000) and will not

be repeated here. These analytical methods were applied to representative well measurements
available within theWMA U. Previous groundwater-flow characterization investigations for other
Hanford Site iocations are reported in Spane (1999), for WMA 216-B-63; Spane (2000a), for
WMA SST S-SX; and Spane (2000b), for LLWIv1A-l. Examples of dynarnic well response
analysis, where the effects of barometric fluctuations are removed to reveal background aquifer
water-level trends are presented in Spane (1999) andSlxine and Thorne (2000).

Groundwater flow characterization is important as it pertains to predicting and monitoring
groundwater contaminant migration within the Hanford Site. Accurate delineation of local

^ groundwaterflow direction and hydraulic gradient conditions within study areas of small size
and/ or having low gradient conditions, howwec, can be difficuit. A method that facilitates
groundwater flow characterization in such areas is the use of trend-surface analysis of
representative monitoring well water-level measurements (see Spane 1999).

^ Various factors can affect the accuracy of well water-level measurements and how they are
used to determine hyckaulic head and to infer groundwater-flow conditions witlrin an aquifer.
These factors include measuremart error, well fluid-colunn density conclitions, and external stress
effects. Measurement error includes the cumulative effect of instrument and measuring point
elevation errors, borehole deviation, and random measurement factors, such as operator error.

^
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Systematic components of measurement error can be evaluated qualitatively by assessing the
relative influence of individual well wat.er-level neasurmierits onthe calculated groundwater flow
characteristics. This was done using sensitivity analysis (i.e., "jackknife analysis), wherein each
well's measurement was recnoved individually from the selected well data set, and then subjected
to trend-surface analysis. Results from this sensitivity analysis suggest that systematic
measurement errors were not significant for studying groundwater flow characteristics in the
WMA U.

Well fluid-column density conditions relate to factors that affect the height of a fluid column
in a well above a known elevation datum. Factors that can affect fluid-column density include
fluid temperature, saiinity, pressure, dissolved gas content, multiphase conditions, and gravitational
acoeleration effects. Generally, these factors are only significant for deep or thick aquifers having
long fluid-column lengths, which was not the case for this investigation.

Natural external stresses that can influence well water-level measurements include barometric
effects, tidal or river-stage fluctuations, and earth tides. E arller papers have addressed these
effects on well water-level measurements within confined and unc.onf'uned aquifer systems (e.g.,
Jacob 1940, Ferris 1963, Bredehoeft 1967; Weeks 1979; Hsieh et al. 1988; E rskine 1991). Only
recently, however, has the importance of accounting for external stress factor effects in
grotuidwater-flow characterization investigations of unconfined aquifer systems been recognized
(seeRasmussen and Crawford 1997, and Spane 1999) However, since well tsater-level
measvretneats used in the WMA U study were geneaallyobtained within a period of 1 to 2 hr, no
significant impact of external stresses was anticipated or accounted for prior to trend-surface
anaiysis.

Thisletter report focuses specifically on assessing any subtle changes in groundwater flow
characteristics within the WMA U between November 3, 2000 and March 1, 2001, as well as
PXam;n;nn for observable hydrologic response associated with the shutdown of the southern most
extiactionwell (wE11299-W15-37) of the 200-ZP-1 pump and treat system (which occurred on
January 17, 2001). Any impact ofthe shutcloevn of extraction ve11299-W15-37 is anticipated to be
small, due to the relatively low pumping rates at the extraction well (-60 L/min), and the distance
to the RCRA WMA U monitoring wells (distance = 165 - 305 m) analyzed in this preliminary
s[udy. In a previous study by Spaie and Thome (2000) predicted responses for the northeastern
part of the ZP-1 pump and treat system potentially exceeding a radial distance of 500 in for
prolonged extraction periods. These predictions, however, were based on the combined pumping
rates of the three extraction wells in this area, which for the predictions used a composite pumping
rate of 379 L/min. This is over six times the extraction rate recorCed at wel1299-Wi5-37 prior to
shutdown onJanuay 17, 2001. For these reasons, the anticipated hydrologic impact of
terminating pumphg at extraction vel1299-W15-37 would be proportionately smaller.

j...^
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Data Discussion

To evaluate any potential hydrologic impact at WMA U caused by terminating punping at
earaction well 299-W15-37, other factors affecting the groundwater-flow conditions in the area
should also be known. Of note are the significant changes inthe water table in the 200-West
Area, due to past and present wastewater disposal activities in the area. Of particular importance
to the study area wTe wastewater disposals to U Pond complex (located aplsaximately 1000 in
southwest of the WMA U, which received approximately60% of the total wastewater released in
the 200-West Area (Newcomer 1990). These wastewater disposal activities causeddiscemable
changes in the prevailing groundwater flow pattem andformetion of a large groundwater mound
with elevated watertable conditions aplxoximately 20 m over pre-disposal conditions (Hartman
and Dresel 1998).

With the decommissioning of U Pond in 1984, a significant decrease in wastewater disposal
and associated decline in water-table elevation v,;eTe exhibited across the 200-West Area For
example; Hartman and Dresel (1998) report a 6 m decline between 1984 and 1997. The deciine in
the water table and changes in groundwater flow characteristics are expected to continue with
future decreases in wastewater releases to 200-West Area disposal facilities.

To evaluate existing and temporal groundwater flow characteristics withhs the WMA U area
prior to and immediately following the tennination of puenPing at euraction well 299-W15-37,
well water-level measurements were evaluated from RCRA monitoring wells within.the WMA.
Figure 1 shows the locations of monitoring wells having data for groundwater-flow
characterization. Table 1 lists pertinent information concerning well completion, current
monitoring conditions for the RCRA v&lls, and distance to ZP-1 extraction well 299-W15-37.

GmundYMerFkawChautckifzation

In previous detailed groundwater-flow characterization studies at selected Hanford Site WMA
locations reported in Spane (1999) and Spane (2000a, 2000b), Rater-level measurements were used
in the trend-surface analysis for wells that met the following criteria:

.

^ .•

•

^ .

are along the same hydrologic flow plane (ie., planar potential surface)

are measured dose in time (e.g.,1 to 4 h for low-gradient areas)

monitor similar depth intervals avithin the respective hydrogeologic unit

display similar dynanicvicell-response characteristics (e.g., to barometric
fluctuations)

are not significantly affected bywell-skin effects.

This site was identified in Hartman et al.(2000) as being an inteniiediate-hyclratilic gradient area
(- 0.002), and having a predominant, easterly, grotuiclwater-flow direction. The criteria for wells
being on the same hydrologic flow plane vvould appear to be met.

I
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As noted previously, well measurements used in the trend-surface analysis v,;ere obtained dose
in time (e.g. 1 to 2 h) for all dates analyzed, and all vwElLs monitor the upper-section of the ;.
unconfined aquifer within theWMA U. The overall similar well water-level pattems displayed in
Figure 2 suggests that the weIls exhibit similar dynamic wellresponse characxeristics and that vcel1-
skin effects are not likely to impose significant impacts on water-level measurements berouen
wells. A comparison of a detailed barometric response analysis for monitor vxlls 299-W18-31and
-Wi9-42 (described later in the letter report) also exhibited nearlyidentical barometric behavior,
with demonstrated time-lag effects up to 50 h for these sites.

Because of the similar dynatnic well-response characteristics, intermediate hydraulic gradient
conditions (i.e., -0.002), and doseness of well measurements in tinle, no significant impact of
barometric effects was anticipated for;neasurements used in the trend-surface analysis. Therefore,
no accounting of barometric effects was utilized for well water-level measurements for this phase
of the study.

TteadSutfaoe Atalysis Results

Available RCRA WMA U monitoring well data were quantitatively evaluated for groundwater-
flow characterization using the screening criteria listed previously. Figure 2 shows the siinilarity in
dynamic vve]1-response characteristics ediilrited for the six monitoring wells over the time period
selected for detailed groundwater-flow characterization. The overall decliningwater-level
elevationuend pattern is consLstent with the general decrease in total wastewater disposal within
the 200-West Area during the nuc11980's as previously discussed.

To facilitate quantitative determination of groundwater-flow direction and hydraulic gradient ^
conditions, the commercially available WATER-VEL (In-Situ, Inc. 1991) software prog<<un was ^
utilized. Water-level elevation and calculated total head values were used with the WATER-VE L
program to calculate groundwater-flow direction and hydraulic gradient conditions over the
measureanent period The program utilizes a linear, two-ditneevsional trend surface Oeast squares) ^
to randomly located hydrologic head or water-ievel elevation mp.rt data. This technique is
accurate as long as the two-dimensional linear approximation is applicable G.e., no significant
vertical groundwater-flow gradients exist within the aquifer). This method is similar also to the
linear approximation technique described byAbrio}a and Pinder (1982) and Kelly and Bogarcli
(1989). A report that demonstrates the use of the WATER-VE L program for calculation of
groundwater-flowvelocity and direction is presented in Gilmore et at (1992) and Spane (1999).

To quantitatively assess the groundwater-flow characteristics within the WMA U over the
November 3, 2000 to March 1, 2001 time period, observed well water-level elevation
measurements (not adjusted for barometric effects) were analyzed. Table 2 lists the results of
quantitative trend-surface analysis for nine selected measurement periods for the six existing
RCRA monitoring wells during the period of investigation. As shown, a consistent easterly flow
direction (ranging hetween 6° and 12°; average = 10°. Note 0 degrees = East; 90 degrees =
North) and hydrailic gradient (ranging hetweeci 0.00199 and 0.00215; average = 0.00208) are
indicated for all nine measurements. No appreciable change in groundwater flowcharacteristics
(i.e., flow direction or gradient) are evident within the WMA U, due to the shutdown of extraction
well 299-W15-37, based on the trend-surface analysis results for all RCRA wells within this area.
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To examine for the presence of any apparent gnundwatet flow pattern differences across the
WMA facility, an evaluation for the northern WMA U area was also initiated Four RCRA
monitoring wells in this immediate area (we33s 299-W18-30, 299-W18-31, 299-W19-12, and 299-
Wi9-42) viere selected for this areal analysis. Table 3 lists the results of the trend-surface analysis
for the same measurement periods. As shown, nearly identical temporal groundwater flow
dharacteristics were exlvbted for thenorthem U area as were extubited for the entire WMA U
(Table 2) Results from the trend-surface anatysis for the four northern monitor wells provide a

consistent easterly flow direction (ranging betvveecr 4° and 11 0; average= 9°) and hydraulic

gradient (rangihg betwem 0.00208 and 0.00231; average = 0.00219) for all nine measurements.

To examirie for any possible groundwater flow pattern differences within the southern half of
theWMA fadlity; fourRCRA monitoring wetls in tltis imrnedate area (vA-lls 299-W18-25;
299-W18-31, 299-W19-12, and 299-W19-41) were selected. Note: wells 299-W18-31 and 299-
W19-12 are shared cA1Ls for the north and south WMA U analysis areas. Table 4 lists the results
of the trend-surface analysis for the same measurement periods. As shown, nearly identical
temporal groundwater flowcharacter'sstics were extu`bited for the southern U area as were
exiibited for the entire (Table 2) and northernWMA U(Table 3), respectively Results from the
trend-surface analysis for the four southern monitor wz11s provide a consistent easterly flow

direction (rangitag between 4° and 14°; average= 8°) and hydraulic gradient (ranging between
0.00199 and 0.00215; average = 0.00207) for all nine measurements. It should be noted that a

small (-5°) change in flow direction for thesouthetn monitor w-ells is evident for the Iast four
measurement periods. It is not readily apparent, however, whether this slight dmrge in flow
direction can be directly attributable to the termination of pumping activities from exuaction well
299-W15-37; particularly since no similar pattern was exlu'bited for the northern wPlls, which one
uuuld expectto be more affected by well 299-W15-37 effects.

In summary, no significant impact on gtoundwaterflow characteristics (ie., flow direction and
^ hydraulic gradient) within theWMA U were discernable over the relatively short, sigwwk period

following termination of piunping activities at nearby omacCion we11299-W15-37. Whiletrend-
surface analys7s methods are very ti-eful in detectingdhaxtges in flow direction or hydraulic

^ gradient over time, they are rather insensitive for direct detection of hydrologic response or
influence at individual monitor well locations. Detection of possible hydrologic effects from well
299-W15-37 within theWMA U, recgzires quantitative analysis (i.e., dynamic well response
analysis) of dosely-spaced (in time) well water-level measurements. This quantitative analysis

^ procedure is described in the following section

^ Hydtologic Respome

gt As noted previously, the potential hydrologic impact of teminatinS pumping activities at
^ extraction well 299-W15-37 is anticipated to be extremely small. For exanple, if the areal

hydrologic properties detennineci by Spane and Thome (2000) for the northeast section of the
^ ZP-1 are representative of conditions within theWMA U, then termination of pumping at

extraction wd1299-W15-37 is anticipated to produce only a recovery response of - 0.1 in after 30
days in the northern half of WMA U. This response magnitude is difficult to discern visually from

Eu19oom1 tx9s> A.5
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well water-level records, given the presence of daily barometric fluctuazions and the long-term
water-table trend (dedine) that is occurring vvithin this area. Methods have recently been
developed, hov^&-ver, that facilitate removal of masking barometric pressure flucxuations; enabling
recognition of potential hydrologic responses associated with puuipnig activities.

To assess whether the shutdown of extraction well 299-W15-37 had a hydrologic impact
within theWMA U, tvw RCRA monitor we1Ls. (299-W18-31 atrc1299-W19-42) were selected for
high-frequency well water-level response data collection. The monitor wells are located on the
wEst and east side of the WMA, respectively (see Figure 1), and are letveen 173 and 220 in from
extraction well 299-W25-37 (see Table 1). Well water-level data were measured every 10 min with
pressure transducers suspended a short distance below the water-level surface. Data v/,-re stored
in surface data loggers and retrieved on a weeldyor hi-vmeklybasis. Well water-level
measurements were also collected manually onihose days that data were rcirieved from the data
loggers.

;.u

Figure 3 shows the baseline response of water-levets with monitor vmlls 299-W18-31 and 299-
W19-42 for a -28-d period prior to and#ollowing shutdown of extraction wel1299-W15-37 on
January 17, .2001(<zlendar day 383). As showii, the well water-level responses are nearly identical
and display a typical inverse relationship to barometric pressure fluctuations. To ascertain any
background hydrologic responsewithin the aquifer, the effects of barometric pressure on the well
water-level measurements were removed using the multiple-regression deconvolution technique,
which is discussed in detail in Rasmussen and Crawford (1997) and Spane (1999). ^

The removal process requires that the well barometric response characteristics be determined
first using multiple-regression convolution techniques. Monitor well water-levels and barometric

pressures were analyzed for the -28-d period immediately prior to shutdown of we11299W15-37.
Linear trends in the pre-shutdown water-level and barometric pressure were detennined using
linear regression analysis and removed from the data Use of detraaded data allows for a more
quantitative analysis of barometric response characteristics, and facilitates detection of background
trends within the water-level record when barometric effects are removed. Figure 4 presents the
barometric response function characteristics for both monitor wells, showing persistent
barometric timelag effects up to 50-hr at both sites. As indicated, the barometric response
characteristics are nearly identical and are typical of an unconfined aquifer pattern with minor
wt4lbore storage/skia effects, as discussed in Spane (1999).

Figure 5 shows the predicted (based. on the observed harometric pressure record) and the
harometric-corrected well water-level response for monitor w211 299-W18-31. The deviation

berween the observel and predicted response for the 7-10 d period prior to w&1299-Wi5-37 ^
shutdown is indicative of the presence of a background water-level trend (decline) wdthin the
aquifer. Additionally, the later match beween the obsev^ed and predicted response is indicative of
a reversal in thebackground water-level trend dtiring the post-shutdoawri period This is more
clearly shown in the barometric-corr^ted response, where the obscuring effects of baroinetric
pressure fluciuation have been removed. As shown, a declining water-level trend of -0.0027 m/ d ^

is indicated for the -28-d pre-shutdown period, while a+0.0015 m/ dvus calculated for the -28-d

$esaisao ooi (s,ve) A.6



R.M. Smith
March 14, 2001
Page 7

post-shutdown period using lirear-regression of the corrected water-level response. Interestitigly,

the projected recovery response (+ 0.0042 m/d) after 1 month amounts to -0.1 m, which is

consistent to what was previously predicted within the northern WMA U for the ectz-ac*;on wPll

shutdown.

Figure 6 shows the predicted and the beroinet.ric-corrected well water-ievel response for
monitor well 299-W19-42. As shown, a similar overall pattern and identical pre-shutdown trend

with monitor vcel1299-W18-31 are indicated A higher post-shutdown trend (+0.0029 m/d),

however, was cralculated for well 299-W19-42. It should be noted, that the pressure transducer

system was removed tempoiarily from this well during the first week following the extraction wdl.

shutdown to support scheduled water-sampling activities at this site. it is not known, whether

this apparentehazige in post-shutdown trend for this ua site is real or an artifact of changes to
thelaessure transducer measuring spstem

In sammary dynamic well response analysis reveals the presence of a reversal in aquifer water

level trends within theWMA U for the -28-d period immediately pzior to and following shutdown

of pumping activities at ZP-i extraction well 299-W15-37. Whilethe magnitudes in ralcttlated
waterleve trends are sYnall, the timhig ofthe trend reversal suggests that the termination of
rn,mTingat extraction well 299-W15-37 is the causative factor. it is likelythat the impact of the

shutdown is tettiorary, andwlth time the inflneneeof the more dominant area-wide decline in
aqitifer water levels occurring within the 200-West Area (e.g., due to U-Pond decornaani.ssioning)

will be reestablished within theWMA U.

:)
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Tab1e 1 Pertinent Well Completion Information for RCRA Wells Monitoring the WMA U Fadlities

Water-Column Distance to ZP-1

Water- L ength E=action Well
Completion Well Screexi Level Above Well Screen 299-W15-37,

Date Length Depth, Bottom, m

Well M/Yr m, bgs m, bg,s m

99-W18-2 12/90 58.98 - 65.24 0.23 270.1
65.47 (9/00) - (9/00)

99-W18-3 11/91 60.20 - 67.48 3.93 163.7
71.41 (9/00) (9/00)

99-W18-3 12/91 57.09 - 64.15 3.61 173.2
67.76 (9/00) (9/00)

299-W19-1 2 1/83 64.01- 68:11 8.09 261.4
76.20 (9/00) (9/00)

2199-W19-41 9/98 67.07- 67.99 9.78 303.1
77.77 (9/00) (9/00)

w19-4 9/98 67.14- 67.96 9.88 219.7
77.84 (9/00) (9/00)
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Table 2 Groundwater-Flow Characterization Results Based on Trend-SurfaceAnalysis: All
RCRA U WMA Monitor Wells

Measurement Date
Groundwater-Flow

Direaion'^'
Hydrautic Gradient,

m/m

11/3/00 12.0° 0.00199

11/30/00 9:9° 0.00208

12/28/00 10.7° 0.00205

1/11/01 11.9° 0.00207

1/25/01 10.7° 0.00215

2/1/01 8,9° 0:00210

2/8/01 6,3° 0.00202

2/22/01 9_9° 0.00209

3/1/01 11.40 0.00213

^ $Q:2Q k

(a) 0 degrees East; 90 degrees North.

RCRA monitor w^ used in analysis: 299-W18-25, -W18-30, -
W18-31,

-W1.9-12, -W19-41, and W19-42
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Table 3. Groundwater-Flow Characterization Results Based on TrenctSurface Analysis:
North RCRA U WMA Monitor Wells

MeaSuranent Date
Groundwater-F1ow

Directionla'
Hydraulic Gradient,

m/m

11/3/00 10.8° 0.00208

11/30/00 6,60 0.00210

12/28/00 9,2° 0.00213

1/11/01 10.5° 0.00217

1/25/01 9,6° 0.00227

2/1/01 7.8° 0.00224

2/8/01 4.2° 0.00214

2/22/01 9.5° 0.00223

3/1/01 11.3° 0.00231

Average 0;O0219

O,o00o8)

(a) 0 degrees East; 90 degrees North

RCRA monitor acells u.sed in analysis: 299-W18-30, -W18-31,

-W19-12, and -W19-42
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Talble 4^ Grounclwater-Flow Characterization Results Ba.sed on Trend-Surface Analysis: South

RCRA U WMA Monitor Wells

Measurement Date
Groundwater-Flow

Direction`)
Hydraulic Gradient,

m/m

11/3/00 10.00 ^ 0.00199

11/ 30/ 00 13.6° 0.00213

12/28/00 9:7° 0.00205

1/11/01 10.10 0.00207

1/ 25/ 01 8.2° 0.00215

2/1/01 5.5° 0.00209

2/8/01 4.5° 0.00201

2/22/01 5.40 0.00207

3/1/01 4,7° 0.00209

Aveiage 8.0°

(± 3.1°)

0.00207

0.00005)

(a) 0 degrees East; 90 degrees North.

RCRA monitor welLs used in analysis: 299-W18-25, -W18-31, !

-W19-12, and -W19-41

E5419N^1(8N8) A.19



Appendix B

Well Construction and Completion Summaries



WELL CONSTRUCTION AND COMPLETION SUMbfl1RY
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s
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eA
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WELL CONSTRUCTION AND CAMPS.ETION SUMKARY
d ^ . . . . . ^ ^ , . . . ^ ^ . ^ ^

8ri1 ing Sample . . . . WELL . . .. TEMPORA2Y
Method: Cable too l N.ethod: Drive barrel NUMBEfi: 299-ri1E-31 R*ELLNO:
Crii`_i:ag ^DO .. Niater ;r.ldilive, ianfu:-d - .
Flaid Used: Suppl.v Usied: Not doccmented t.irtlinac.es:-N7S N 38,''..05.3 ..^./IQ [4 76 , 032.1
Driller's Ftk State State NADE3 N135,07547m S 566,721._3m.
Name: H. 3akerLic Nr: Not docun.ent_etl_

'
Coord«neces< N__43,21 2 2,219,195

urit _llg CpRQJany Start
Company: {Ti:el' Enqir.eer= Location:L, Hanford Card 'e: Not. docuner,ted T S
Cate Date Elevation
Started: G6Sep°1 .ComFlet=_: 11Lec9: Ground surace hft]:fi50.?3 (Drass cap)

Depth towater: 'i9.1.2-:-:. De^91
,Groundsurface) 195.4-ft 26Mar93 Elevatioc of reference point: [ 664.16-ft ]

(top of casin3
'vEN£Re.LI2E'S Cc lcg'SSt's Heigh:. .•fre^crence point aG_oe^ 3.43-1t ]
STkbTSGRB.PHY Log grcuno surfec5 .. . .. .
S1=sliqhtly

Depth of sos£ace s - ( 2.0-1E.1-ft jI
0-S: Gnavelly r,ilty SAND
5 14:S; aii.tySANp s'ype of surface cealc Pra mix concret.e
10-20: Giave'.1v siltv SF,ND 4x4-ft x 6-in surfacepac
.20-25c Siltesar,dcGF.AVE;. 4 equ_distanb orotective pcs_s
25-30: Si silty S.^NC CenenC grout 2.0-18.0-ft
30-3E: 9i.lt'a SAND
35-45:Si si'_tvSRND.
45_50: SAiiD =.C. of riser pioe:. L 4-in
50-35: Silty SP.NC ^ype of riser piue:
55-60:51Si'.ty graveliv :.XND STain'_ess steel
60-65: SAND
65-70:a ei'..ty 6aP;D Diameter of borehole,
;G-75: Silty SAND 4-19.0-ft, 13-ic nomina_
'S-B.B: SAPtD 19.0-12' 9-ft, '_I-in nominal .
80-85: Si1tySPND 127.9-227.6-:t, 9-in comiaal
65 95 Si1 silty SAND
a$ 1 n ci,",ty WJD
110 1d Slaa. ty S}1,¢D. 'lype of filler, E U-1'l8_8-`_c

CLk_, calcareous 8-20-:nest bentonicz crumbles
119-.130: Silty SAND rcICZAY stringers
130-_31: CRd^,-'Cri£
131-_32: 3i1tyG[b":BEL Depth top c- real: [ 178.9-ft ]
132-_409 Si3ty erave"_lv SAND ^-,<pe Of szal:
140-:.55c Silty sandy GxR'fEL 3/6-in bar:ton_ _+te Psll=ts
155-._60: GRAVEL
160-180: Sandy G&zVEL Dvgth toa c- sand pack: [ 151:E-ft j
SEO 200: Silty sandy G.2^.4>L ^G 40 mrosh si;i^? eznd
200-210: GR^WEL . . . . .
210-220: Silty sandy GRAVEL
220-22?.6:Sandy C-R::vEU

I Dept.n too c° screen:
9-in, #10- slot, conti:ous wrap

l^3C:4 stain ess eelwith_

Denth bottom of ccreen: 222.3-ft l

Craw:nq By: RKi./2iv1M-3;.nc'B Date: 197o,r93

Reference:

Fill, 226.0-227.6-ft
Penth to bottomof borehole: [_277.6-ft]

*°y
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.•:-- f V1iELLCOTlSTRtCi'iQN REPOBT
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Q WELL CORSTRUC,'TION'AND COMPLETIONSUMMHRY
x . . ^ . . .. . . . . . .

^

Dr:ii=ng Samp_e. ?.'ET.L T:;N'PORWnY

t3etho.;: Cable tool Method: Hsrd tool (nom)
^
NUNB£R: 249-:W1'.?-_2 WELL NO:

HrSlliac Additives efan:nrd
Fluid Used: a2ter Used: Net documcnted Coordinates: t:15 NS8,C52 £/A

.-_
47??,45E

__ _._
Hr>ller's 'via£tatr 1 h I`..u."'$rl E°Late. NRP.3 il Snfi G9 .42!n

Name: Garcial5tilte,-a Lic .^,r: 1143/ND Caortlinates:N 943,16^ 6 2;213,7'1.

Dr^:l1ir:S Cowany Start

Com.par.y: Not docunented Lootticn: NCt docur.eer,ted Card N: 7iet docuRented 2_ R_ S

Date D=te ' 2lecation
Started: 01Dec52 Compie[e: 26Jran'33 C-rou_nc surfaceV*t}:6'71.9'; 8rass cap

Deprh towater: 152-ft :laie3.
(Ground scriace; 2QS.i-f- 2&Mar93 £1=-vation of reference aoirtt: 1 673.25-ft 7

. . ;tcpof casing!

GENERALIZED Drillmr's zw_ig7rt oi referenoe poinr a#iovei 1..;2tt ]

STPAS'IGP.AFHY LOq crcun3 =utface

Depth of surface ssal ]0-20-ft
0-4: S=+ND & SILT
4 15: CO33LES,?EE3LES & SAND Type Or s'^=face seal:

15-20:SFNL',Ciif{b'ELSCOBELES G`_'cut aro.mi B-in c'sina. (12ngals)

20-25: GP_ntx.L,SAidD5 S-
^25-35: GR=yEL,SPND,$ILT 6 CLAY 1.D. ofs Lface casing , 2ullec 1

?5-40: GRa'.'EL, SAND 5 S- (If present)

§0-95: COBBLES, GR:?'IEL, SAND,SILT n
CL."Y ? in perfo_=icd C-I50-ft

45-5D: CO3BLES,GRAt'EL, SAND & S=L^_ 2 cuts/rd/ft

50-75: GRAVEL, SAND 5 S_L^_

75-85: SAND, 5::.,^ & CLAY
H5-95e SAND & SILT i.D. of r'_ser pioe: I 6-ir. ]

95=105. SAND, SILT & E r iy Type of r:ser piue:

1t75-120: SAND 6 S1LT Carbon :^^ael

1G0-190: SAND, SILT & CLRY
140-155e S-:iiD, S_LT, CLUy & Gti ;rgL Diameter of bcreho':e: 3-ir. non]

15n-iSC: G^RrTu'L, COBBLE, SAND 5 SILT
lEC-iE;S: 3IPIGOLL Type ^_ iLiierc

16_-188: RINGOLD & COBBLE/ADCK Cemeatgrout, 276-Cals

188-20p: RIP3;DLD & SAND
20p-202: S%•.ND & ROCK Elecatior,/depth too of =eal ND

202-23I: 21NSOLG6 S.TdG Type o`_seal: tlene _ccunent_d

23"-239: SHND
235-250: RINGOLD & SACaU Bottom 5-cn casiag ]150-ft

Reference:

Bottom 6-:n casing 210-ft 7

]r3wirg Bv: RhL/2ei19-12.A'C3 Date: 19P.pr53

5 in telescping scraen
21f)-250-ft, 20-s'..ot
(-190-2np-it by ""

Fiil to -240-ft, 15Apr91

Depth boct_om c" borenole: [ 250-ft J^

B.7
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0502374
WELL CoNSTRU=oN

DRUV:
AkRotary-TIIBEX ^ GraWSP8t5pnun

OriNn9 Ad^BVes. .
fiedlNetl: RewneAfr Ueed: None
ikeNS WAStale
Namc WHOSPrankBn LkNr. NetAVZllabb

oii6^0 CnmPenY
ComPN^Y: LeFneChrbhrneen Lmtirn: SaRLeMeCIry.Nt

Data DYe
Sbfbtl: 1]SeP98 Cumphted:233ep98

Depth to Water: 220.35 It 27Sap98
(Gw,md^dece)

GENERALIZED 00olo9isl's Log &
STRATIGRAPHY Geophysleai Logs

0-0.1 ft: AsphYl
0.1-14 ft: SBq saMy Orevel
14-22ft: S^

22-39ft: Sendygu^

39 -43ft: CaiavNy and
43-47ft:Santly9isvel
47- 54 ft: GraveAysand
54-81ft:Sand

81-84R:Send(Fn)
84 - 88ft: SuM (CCe)
88-91k:Sand(Fu)
91-127h:Sand

121-1381t:8ilyeand

138 -141 ft : Smwy ah -eabnaus

144-169 X: $py aaMy g^avtl

188-188ft:SVWyarevel

249- 253 tt: Sily sandy 9ravN-Fe etainin9
553- 2W.5 h: Sfty aandY 9ravN

254.5 ft : Borehole tlri8ed depth

0- 264.5 ft: 9.125-in. 8,5/9" CS Temp.
Csg. set with Tt/BEX reverse air rotary

Orawin9 By: TGB
Reference: ManfordlNells

10.5-210.4ft:
9.125-inch We
Benton0e Chips ,

,220.05-255.14fl

210.4-255:47fl: 4inoh
9.125-inch hole 4" WireWrap SS

2Dl40 Sdim Sand Screen.010 Slot

255.47 - 264.5 ft: 255.14 - 255.47 R;
9.125-inch hole

20/40 SBca Sand 4 inch
4" SS End Cap

^

WEL TENPORARY
NUMBER 2994N9-41 ®8891 WELLNO: NotABowed

Cooltlinabs: N Net dceumemed

CmeEVabvv:E NetdawenemeA

Slat
Cer4e: NotAwihbic

Ekvaecn
GnmeW Smbra: Brese BLrker

Elevation of Refen:nce Point m

Height of Reference Point Above
Gmuntl Surface:
DepthofSurface Seal: 10.5ft
Type of $urfaCe Seal:4:4 Concrete Pad

FU Casing Ssreen
0-t0.5ft:.1 0-220.05ft:

9.125-inch hole 4 inch
Cement Seal 4" Sch.5 SS Csg.

B.g
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WELL SUMMARY SHEET flate: 9-.23• a
weut©: B BSYI wenrya®e: 299-W19-q/
Loi^- 2Do'YV ' kne f ef Car.cBe s 16 `4S}. Project 1,*CRA 1?ri 1 i I T7 9
Preparetl Bv: j.. D Wa t lCe r ... I Date: y-a3_. g Reviewed HY:. Date:

SiBmature: y.ol. . ^ . Signature: . e . _ ^ ^ . .

COMSTRS7CT10N DATA
^ ^

^ LOWChiYDROLOGtO DATA
. . DePfh in . .

Descripaon D7agram Eeet^ OraDW

Log

. . . Lithoio'licDeserip§on ^. .

.
O

o

S dIX Sahd G A El

Q°t^Iah cen s4:o.-
o'

^ ^
X^ x

..-
e.

. . . . ^ ^ ,

M! Y .
. I

SAINI.I
.. ^ . . . Ifry

t. r^ '. ^ °^^C''•-x ^ ^ ^ ^

22'- 3e SQ 6RA VEL
^ ..

^,,.i : SfaN D

..
50 GRf{l

$en'^oh^ ^L• Che 5; 3r SAN.

tit

^
S4ND

X^ . . . . ..

. .

il^ ^^

S. .S.

^
^{

<^. e
^ ..^a . .^. .

"

. . . .

'
'

. . . .. . ^. .
. r,' . . ..: ;K: 81-Y ' SAND (£,

:. ^ . ^ ^ ^•r,. . "`! a ^!^ 8Y'- 88' . S . c .

rsD 6v "ZD 4-ype 309I 3rl
it

SAND C{r.^
.

..
-

sfa:hesr s ee case^ poJ it
}2.0

i
Yf 9(-127f: SANDl

r1

f} r

25

+

: :
i - t27-13b`: S!!^ ^ h'D

;

^
S.136`-l4 `^ S

^^ '^.-" ar . .

. .
t .; ^ . . . .. .

. ri s^

BFS-EE-789(72/97)
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WELL CONSTRUCTION SUMMARY WQ0 a FinieDDae 4F - zs-
Page 5 of /

SpeclCicatton No.':oo IF Rev. No.: 1 Well Nama: - G)iq- J iamp. We18 No.: B85 ./
ECNs: A ApOro>amate Locatiore :A^ . ... . o( Gu ( ^S{.

Project: C A bt- OtherCompanies: C 2 be/8 220DW

DriliingCompany: ne E^+nil e - Geoloaist(s); L.T^. lNa/ker

"Driller: w. Fi-aakl'. . . .
TEMPORARY CASING AND DRILL DEPTH DRILLING METNODINOLE DIAMETER

'SizelGradalLbs.PerFL Interval ShoeOA.B.D. Auger OnmeterFrom_ to

8s/8"UD C CahleTool: DiameterFrom_ to

Air Rotaryi O 3 u Diameter From ^to ^76rG

_ AR. wlSonic: Diameter From to

DiameterFrom to

DiamCter From to

'Indicate Welded (W/ - F/ush Joint (FJ) Coupled (C) & Thread Design Diameter From_ to

Nofe oa wa^er. aC/: 4all
ke mF

w 4-tT-49 Drilling Fluid: R ii-

Total Drilled Depth: 26q, 5 Hole Dia (,d TD: Total Amt.Of Water Added During Drilling: -ypl•/ Q/

Well Straightness Test Results: Static Water Level: y2p ' Date: q-y _

. GEOPHYSICAL LOGGING

Sondes (type) Intenral Data Sondes (type) Intervai Date

COMPLETED WELL

SrselYVt.7Material -DePth Threatl 5^ Type qu,,,,v
Intemal
smrr,larnck V u a

p}x
Mesh
Srze

14 4 12 pe 4 Oh C,eM lrf D! - Itt^ 5•1 ' NA

SS w ?ZQdti-^."14 FS C! !^- .2 G6.2v Medtw

Y'TD Ss 1 K=3_Sa.'^1_' F *A S,' i' Sa 2i^-3b^S 29.6 Z0-4o

- ' OTHERACTIVITiES

AquHer Test: Date: Weli Abantloned: Yes: No: Date:

Description Description:

WELL SURVEY DATA

Date: Protective Casing Elevation:

Washington State Plane Coominates: Brass Cap Elevation:

COMMENTSIREMARKS

S= w+ SS'S r c ' ` Ya/ ceme - =5.d 13 brnlon%

- 0 6 z - 2 •s 2o^vv Sr' i' z - x

RePCatedBy: Z,jJ./kCr RepanetlBY: E^

Tale: Gee a '^ Date:Q-d - Tdle: ^ .Ejy ' ,^ Date:p2

Signature : ^(^ Synatute: ^/

BHI-EE-181 (92197)
0

B.10



0502376

^ ^
WELL ^ ^ . . TeGWORARV

elRO¢. 1rRObry-N6IXM Me9wd: arffiISP9lspwtn

. . . . ..

NUNBFR: 29&Wt9^ 88663WELLNR NotAllmweE

. ^Orafng AdSkvec . . . .
FluNNaeC NavaqeAtr UaeO: Use, Cemti.CS:N NetdceumeNeU ^ . .

CMIMfs ^. . .
Name: WdWisantfle

WASiak
GcNr

.
NotAvsilebls Cwctlnvtles:E

.
tbtlaounemW . .

. . ^.

DrNn9 CaryenY Bten ^ . ..
Cqnpcny: GaynaCYSMfanpn Lam9oR SffitWCq^,Ut Cartl%: NotAwi4pN .

Data . . . . ..
SmNeE: 31Ae9B8

Data
Conpletetl: 188ip9B

Ekvehcs
GmunC Suflae¢: Brasa MnRax

DepthtoWater_ 279.56ft 16SeP96^ ElevaBOnofReference Pomk m

Culmmaaurtaee) . . ^^ ^
Height of ReferencePoird Abwe

GENERAL¢ED G®ntuglsCS Leg & Grountl Sudace:
STRATIGRAPHY Geophysical Logs Depth of Surface Seat: 1L:3 ft

TypeoP SuAace Seat 4x4 Concrete Pad

FJf Casuy Screen
9-a7flrsacal(gms) 0-10.2ft: 0-22028ft:
13.7-7R:Sand 9.125-inchhote 4ineh ^ . .
7-15R:S®naygcavw CementSeaE 4"Sch5SSCfig:
15-119.5ft:51lyspui . .
15 -t6R:9aM
16-32.SR:SeMy9reW
323-39R:Sattlyglarel . . . .
39-C15ft:S9ndY9saM . .
43.5-62R:519hYysi6ypaudlyseM .
52- 53ft: SarCY9ra^ ^
53-71fl:5aa0

71-79R:SSeE

^79-8dft:5lgTWaNYsmN .. . .
81-694:5erd
89 -185 ft: SF9RIq ci0.y mntl

. .
10.2-210.2tt:

. . 9.125-inch hok ^ .. ^ , . .
t19.5-i3&SR:SM . . Bentw)w Chips^

13BS-14tftICe4rle
141-170R:SBIysanM/9rWtl ^ -

170-t89ft:SNyaaM)gr>s^l . ^ '

189-196ft: Gmew mN
196:232ft:.5uWjgravtl .

-22028-25537fl
222-265.2R:SNyamy9mnei

210.2-255.7ft:; 4inch
9:725-inch tale -4°Wce Wrap SS
2040 Silica Sand; ' Screen .010 Slot

255.7-2652ft:755.37-255.7ftff
9.125-0whhWe 4hrch
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